EXHELR

-

-

-

1IEFRHSEE

1.2 &7
,_7{ 1. EfiRfE fundamental [of 13wz
\ 1ABHTEEZ
2.1 EERSER
[ 2zmwET
J— [ 2. =EEE spatial domain —L 22
— 2.3 JERAMIEIER

Picture Processing Notes

3.0 mEEE
31 ERMEEHZADFT O ———————
3.1.2 [

—. ERE

1.1 BFRREH

zeros
ones
bitand
bitcmp
bitget
biter
bitset
bitshift

b twor

length

mean
median
min
mode
imshow
image

imagesc

imread

imwrite

2ind

gray

mat2gray

Labellrgs

im2acuble
im2intl6
im2jnvale
im2single
imduintlé
imduintd

BB R

15:

Mean():
M = mean(A)

\k\_,—g[ 3. HlEiEfE frequency domain ]01‘ ’m
\ 322 EER

| 32 Smism=saDCT of 2

\\ 3.2.4 JPEGIERE
N —

411 —HSSEnhEE
41 ETSEESLERS o
/ 4.1.2 “HSEEsasam

/
4.2 CannyEiE
it Analial

|\ a3 HoughZrii
N

Create array of all zeros
Create array of all ones

Bit-wise AND

Bit-wise complement

Get bit at specified position

Bitwise OR

Sat bit al specific location

Shift bits specified number of places
Bit-wise XOR

Length of largest array dimension
Array size
MNumber of array dimensions

Number of array elements

Largest elements in array
Average or mean value of array
Median value of array

Smallest elements in array

Most frequent values in amay

Display image
Dizplay image from array
Display image with scaled colors

Read image from graphics fle
Write image to graphics file

Convert grayscale of binary image 1o indexed image
Convert indered image o grayscale image

Convert mafrix bo grayscale image

Convert RGE image o colormap 1o grayscabe
Convert indexed image to RGE image

Convedt label matrix into RGE image

Convertimage to doubde precision
Convertimage bo 16-bat signed integers:
Convertimage b Java buflered image
Convertimage to single precision
Convertimage to 16-bstunsigned integers
Converl image bo 8-bit unsigned integers



REIAKTFE, ANEENREMEENTHE, AREEIRETEE, EhES—MENZIIITFY
B, FELREFERR TR FEHERZR Rmean),

Imadjust():
J = imadjust(l,[low_in; high_in],[low_out; high_out],gamma)
LR E AT AR TR LEE, RE2BERINERSIZIE R, Bllow_inZlhigh_ink{EETE]low_out
F. BSHEK, WRMEEGI%HBEIZERRIRES=E.
Yimadjust(l,[0,1],[1,0) B, Simcomplement(){ERERE.
S Gamma: AT HRISINREFR, BREIALERET,

o y<l Df-l 1>1

O

bottom bottom bottom
low high lo-xﬁ high low high

Ftt, AIUMEREFRZEZ, y<1 brighter, y>1 darker
EE, 1EHuint8, ANEEAdouble!

Mat2gray/():
| =mat2gray(A, [amin amax])

IEEMEARA RRER, GaminflamaxBRSIEIE F 189051, AT FIEEXLEE,

Imcrop():
12 = imcrop(l,rect)

BB R, rect#E[E[xmin ymin width height], JREIFIYIFRIE F12

pEI=E A

1LEGAEMIT R/ EE, el AR FIEMEHE (high dynamic range image)

2. BEGARE A AR Fiashia

3ERGERNITR, BEFREMUNt8IIRE, FNLEEREER. IR, WEBRIIEIEAE D EFdouble
B,

1.2 é*/Ilsj

BEZTEBHREAIKIERGERES. BN MEABEEEZERGB, CMYKHIYUV, EYUV Rk,
YCbCrm?’_ﬁﬁm%,;uqlrﬁﬁ?—%ﬂ’lﬁiﬁ, HNASUERITZ, JPEG., MPEGYIRFBIEER .,
XEXRNZBYChCr:

YChbCrEfYRIERED=, ChiEEEREs=E, MCIEIREEsE. ANHRXWSINY D & BV,
AR eEs2# T FRIERR MEESER, AREERTINEGRENEZN,
WEZEERN, ERNAERRREYSE, RYSECSERASOHHE, XFEEFNEHTIRES
B, NERYSEEBHSHTEEEAR.

REYDERE:

J=rgb2ycbcr(l);

K=J(::1); %12Y, 2:2Cb, 32ZCr

1.3 REZHK

RETHER SRR REGGRREENSE, MEEBER,

XENBEHESE:

B Bt (Histogram Equalization) X #RE 75 BB, 5L _E R EGHITIEL R, ER D EEIGR
TEFE—ERECENRTENHREATIES., MEERIMBZNIRERHTRE, WEEDNRERLE
H, X, MABGNS—AELNEERGERHE, RLNEGNESEZFN.

X R E 7 B ERIETRER D X tEEF G, MM A RS O X EEERE, NRBHEIED RER)
HESIEEESTRE.

THREEL:



imhist(i,n):

BEEETEGNKEEAE (BRHAN25TMRER); nhiEERERERESHE:
J=histeq (I, n) :

INBANRER, JHEHENECESINER, nIYEXENRER, FKIMERG4

R
Bt 5
FEeERE HiwiLENERB

3000 2000

2500 -

2000

1500 1000

1000

500

500

0 0

0 50 100 150 200 250 0 50 100 150 200 250
14 BRETEHEZ
BrY:

ANIRBEMZERRCRRIMEM G R G TRBRMARERE, ERERETEFIFIIRATINGE, TR
RMEESHRENEGHES ELHEFE—ERENRE, FTEGRSENHETE (RE) 8E,
HFCRIMEN S BTN, SHREGF RN, RERRSEG.

a.GrayWorld &i%:

WF—IEEERECEETANEIR,, = ToENFIEETRE—REE. MIEEX Eif, RKEetFERE
REARSYN T LN EHRFVHEESA LENEE, XTEELMMR KE"
grayworldfi#Fg : B

(- RaFHERE Y

BLPEFE (NE=AREEN—F, i ErmERTh 128); ©

o RG+B
ssEatEEs . ¢ Bogernah G By ) 3 e

_ Gf{:y}‘ _ Gr_'ay}‘ _ Gray
HER. G, BoimEneEss: R Y G .0 B e

(SHFIE Von Kries FTMB1ER, HMTEMERAISMERC, BREAE1 G, Bhyg: o
C(R) = C(R) * ky
C(@) = C(G) * kg
C(B) = C(B)*ky,

HHELERRE, BESBRHSHEHAEEN, THENRE @M, ZEEE
SR ¢

grayworldfti3:

function y=GrayWorld(Image)
%RGBEGJon*m*389ENAE, RNRTANMMEER, HHPGMEEHARCB=NDEMM. (1, 1, 1)RREHxy, RELESD!
r=Image(:,:,1);

g=Image(:,:,2);

b=Image(:, :,3);

WEVFIME, ERRTHR, A Rmeantkil
avgR = mean(mean(r));

avgG = mean(mean(g));

avgB = mean(mean(b));

avgRGB = [avgR avgG avgB];
grayValue = (avgR + avgG + avgB)/3



scaleValue = grayValue./avgRGB;

newI(:,:,1) = scaleValue(1) * r;
newI(:,:,2) = scaleValue(2) * g;
newI(:,:,3) = scaleValue(3) * b;

y=uint8(newI);

b. ScaleByMax& 3%

scaleByMaxfiZ#¢ :

B Y B0
QLD RABEHEY: rrEHARRINERAREHECT

i S e T AR B T
ﬁﬁiﬁzii&mﬂ¢Bﬁmﬁxﬁmﬁﬁﬂﬁﬂﬁﬁﬁﬂtﬂﬂﬁmﬁ
ﬁa¥&ﬂ$ﬂﬁﬂuﬁimﬁﬂ.l*iﬁﬂ*ﬁﬁﬁnﬂ#ﬁﬂﬂﬂﬂﬁm

mﬁ::;iimgﬁ.aummem.m RGB =~ 8l il F A7 EE XA 1E
Eﬁﬂ!&ﬂmﬁﬂﬁﬁﬂ&ﬂmwﬂ%ﬁ#ﬁﬂ%ﬁ&ﬁﬂ&ﬂmu&ﬁﬂ
Hﬂwmﬁmﬂuﬁﬁ$é¥ﬁﬂﬁm,Ef%m%ﬂﬁﬂﬂ?:

@ % FHEE 6 A G R E R, T R.G, B =86l ) R i
R+ G s Buwn + SORE R T 454150 €200 300 Y 9038 HE A1 5

@ R 0= A WA N — A B o = Min{ R sGrnan s B } 5

@ I R,GLB =865 20 09 49 36 0= Con. MR KA 0, IS0 500
:vxtNmNpi

@ Rl EE=00h R A N o =max(Nes N o N ) o B0 15 0 55 €2 5 300
H Colot =[x € Muuirg.yvp 1, WA B WM B F =ABE it P SIE
E9C8 &

© HBRT Coloruu ZAHHIM &M 910 B ML, KB MEAT SEH I RR A2,
ASSE] No B RO 1k, SR RO T ¥ = 30 05030 o 4R %A e 3 A
P =4 BEEH A REN, A REME R Gn B, B, — BN T . (HRRE W
A0 Y (AR AR S - R B

(OF: 30 wip ScE-2 2 FOE T E S8
Cag s i
b=F ko=, g —Ce (9.35).
O MEWERE R.G.B 4Bt #TEeTangnT.
R =kg *R, G'=hky+G, B =ky+B (9.36)
50 21843
>
scaleByMax{{13;

function y=ScaleByMax(img)
R = img(:,:,1);

G = img(:,:,2);

B = img(:,:,3);

Rmax=max (max(R)) ;
Gmax=max(max(G));

Bmax=max (max(B)) ;

Cmax=min([Rmax, Gmax, Bmax]) ;

% calculate the pix,which larger than Cmax
Nr=sum(R(:)>=Cmax) ;
Ng=sum(G( :)>=Cmax) ;
Nb=sum(B( :)>=Cmax) ;

% find the largest N for Nr Ng Nb
Nmax=max ([Nr,Ng,Nb]) ;

% for each of the find the number of element which is larger than Rmax;
for pix=Rmax:-1:0 % R
Lr=R>=pix;
nr=sum(Lr(:));
if nr>=Nmax
Rth=pix;
break
end
end

for pix=Gmax:-1:0 % G
Lr=G>=pix;
nr=sum(Lr(:));



if nr>=Nmax
Gth=pix;
break
end

end

for pix=Bmax:-1:0 % B
Lr=B>=pix;
nr=sum(Lr(:));
if nr>=Nmax

Bth=pix;
break
end

end

result(:,:,1) = Cmax/Rth*R;

result(:,:,2) = Cmax/Gth*G;

result(:,:,3) = Cmax/Bth*B;

y = result;

—. HIEHRE

2.1 ZEETRFIER

Conv2(): SR_#ER
C = conv2(A,B,shape)
SKABIZ#ER, [RIEME!

shape AT IBIN%, B'same”full’valid =# 2%, sameXffl:

11 1 00

01110

0 0 1 1 1[om2

0O 01 10

0O 1 1 0 0

%1 x0 1]

x«0Llalwol O O

xi Oxolxl_l 1 0
00 111
0 0 1 1 0
0 1 1 0 ©

conv2(A,Bsame)FFAEMNERSANA/ER, B, A'same’FHESIRZMEBME, THREGMER
B—HR,
R, ABUKRFAENEIEE 2doubleztEY, BRIEEEMLMuUIN

HAEXRE:

Imfilter(): 21488
B = imfilter(A,h)
FAntEfflter hIndEIEFFARTTETR, HIHB,

medfilt2(): Z#ERIHPEIRIR

B = medfilt2(A, [m n])

BMMEENEREARMn&FNFE, EEMKmn], EIAN33,
SIERE F AR,



Imnoise(): FRINIEFE

J = imnoise(l,type,parameters)

EEMERNIEEINER I L, typeRIZEEIH ‘gaussian’ ‘poisson’ 'salt & pepper&Z, ParametersBURT
IR, ARIEEF AR EIparameters, BJUERK.

22 EREF

fspecial(): REBFF=4ERMZ, BTRHENIRE

h=fspecial(type,parameters)

RS ER BN HETRZ. type ] AR LA T2 EY: average’ 'gaussian’ ‘disk’ ‘log’ ‘prewitt’ 555, parameter
B, TEEMtype B Iparameters, BIRZATIENGER, URHEEMHE, SINEGES
HATRME, WEAERAE,

typefJREIG:

1. ‘average’

h = fspecial(‘average’, hsize)

RVEIRE, SERhsizeRTRERRT, ERIMERII3]

Eg:

0.11110.1111 0.1111

0.11110.11110.1112

0.11110.11110.11112

2, ‘disk’

circular averaging filter

h = fspecial(‘disk’, radius)

NEFXEEER, S radiusRXIFEFZ, RIMERNS.

3. ‘gaussian’

Gaussian lowpass filter

h = fspecial(‘gaussian’, hsize, sigma)

NEERRIER, BRTSEH, hsizeknERRST, BIMERI3.3], sigmaiRiKEEHITEE, BAHK
X, HIMEROS.

Eg:

0.0000 0.0000 0.0000

0.0000 1.0000 0.0000

0.0000 0.0000 0.0000

4 ‘laplacian’ filter approximating the 2-D Laplacian operator

h = fspecial(‘laplacian’, alpha)

RNAERETEF, BTFi0%53838, SRalphalFiZHIEFAR, BUETEEN[0,1], ERIMERNO.2.
Eg:

0.33330.3333 0.3333

0.3333-2.6667 0.3333

0.33330.3333 0.3333

5. ‘log’

Laplacian of Gaussian filter

h = fspecial(‘log’, hsize, sigma)

NAERETSHREF, BRTSE, hsizeRTERR, BRMERI33], sigmaiRiReEITEEZ, BN
BZ, BIMERO.5.

6. ‘motion’

h = fspecial(‘motion’, len, theta)

motion filter MIZEHIEME F, AR TS, RTBGEMIEERE HEthetafaEIEE) T len ™R, lenky
ZRIME NG, thetafIBRIAEIO;

7. ‘prewitt’

Prewitt horizontal edge-emphasizing filter

BT KFinsig3R, KhR33], THH, eg111,000;-1-1-1].

(F: BEEARATFREKTEDEISE (soberprewitt), BBARBEGEERREEHDEISE, HEM
transpose &%)

8. ‘sobel’

Sobel horizontal edge-emphasizing filter

RFKFRGRE, TS, eg[121,000;-1-2-1].

9. ‘unsharp’



unsharp contrast enhancement filter

FXSLEEIERIRIRER . S ¥alpha B THEHIRIRERHIALIR, SEENI3,3], BAIMENO.2.

2.3 FE/FEFIIE K IZE R : Non-Local Means

NLMER S HESRE NN T
NL[v](7)= 2 w(i,7)v(J)
jel

Hop i@ FERE, w(ij)oilE, stERaMELERE,

i) )ia

2
e h .

w(isj)=

Z.(#)
HEiEiLlEE T
1v(N)-V(N,)I:.

ZEEF TSR BEREEFSEINEE, FEmEE, 265

BGNERER: BEERIEy, SHAGMES, BENE, 8, B3k
|
-

SEMAH:

function [output]=simple_nlm(input,t,f,h1,h2,selfsim)
[m,n]=size(input);
pixels = input(:);
S = m#*n;
psize = 2xf+1;
nsize = 2*t+1;
% Compute patches
padInput = padarray(input,[f f], 'symmetric');
filter = fspecial('gaussian',psize,hl);
patches = repmat(sqrt(filter(:))',[s 1]) .* im2col(padInput, [psize psize], 'sliding')';
% Compute list of edges (pixel pairs within the same search window)
indexes = reshape(1:s, m, n);
padIndexes = padarray(indexes, [t t]);
neighbors = im2col(padIndexes, [nsize, nsize], 'sliding');
TT = repmat(1:s, [nsize*2 1]);
edges = [TT(:) neighbors(:)];
RR = find(TT(:) >= neighbors(:));
edges(RR, :) = [];
% Compute weight matrix (using weighted Euclidean distance)
diff = patches(edges(:,1), :) - patches(edges(:,2), :);
V = exp(-sum(diff.*diff,2)/h242);
W = sparse(edges(:,1), edges(:,2), V, s, s);
% Make matrix symetric and set diagonal elements
if selfsim > 0
W=W+ W + selfsimxspeye(s);
else
maxv = max(W,[],2);
W=W+ W + spdiags(maxv, @, s, s);
end
% Normalize weights
W = spdiags(1./sum(W,2), 0, s, s)*W;



% Compute denoised image
output = Wxpixels;
output = reshape(output, m , n);

=. SHEHR(E

3.1 BHEEH T DFT
LEESEdE

fft2(): —#HEEH TR

Y = fft2(X,m,n)

pads X with zeros to create an m-by-n array before doing the transform. The result is m-by-n.
Y=fft2(X)

returns the two-dimensional discrete Fourier transform (DFT) of X, if size(X) = [100 100 3], then fft2
computes the DFT of X(:,;,1), X(:,:,2) and X(:,:,3)

SEE: RS, SEREARARIAES TAEREMR; SR ERRIGESHTE. S0 ijOE'_T
RTEMES, RAEZMN. B, HRONRNTESHELRIE, SH7BRBESHRERS, ™
D BREESHEARER,
MNEGMS, I@E’JLj PO RREE D, THRR, FERNENE ERSHoE;: BEERNESKEHS
BRTERMES; EGRTFEZMLIRD )"'Ujjﬁ,v)ﬁ’n‘éo

i‘Bm,&Eﬂﬁﬁ.—J , E8, HIEERESRSHITIEN, WREBENMERNSD

X T B I T HRAYSIE -

Cameraman.tif courtesy of MIT and its Fourier spectrum.

S 2 1ok S FE o Ak TR [ A 4 1

Cameraman.tif courtesy of MIT and its Fourier spectrum.

SRR CFtshift) J5 A4

|I]

SEEHE, FIMIBNZES=N, EAERSERA, RERMIBONESSE T AT

3.LIEBIER
SRR ] DAUEEE Gonsk, ERRAERGNER. 5EESRIERK.
S B K e AT UM IR s K =3B ml



AR I A R

IRRER :
J5 P £, oet 30 o R S M A
--nm W . -
.21”

eoe
I

saaaaaadad

3.1.2 TEIER
ﬂ.:EL/fE /&ﬁs’ﬂ]/ w&ﬁg XEFERE 'fﬁL/fE/&%%*D E,#—;,}EHF[/)’E /&%ﬁ ﬂ.:EL/fE I&%ﬁlfg B%T =) y) ﬁ%, ﬁl@?
IRF5, BRIN—LBEMMTHEIRR, EGORTEN, BE8EGNIER.

EBRTEIRIKER: (B, DORTEBHHZ, D, VEEEFOHIIES)

(L D(u,v) £ D,
H@w‘&, D(w,v) > D,

E45AET (butterworth) {RIBIEIRES:
1

H(u,v) = =
P



H(u, v)

D(u, v)

o

MEEHELE, EREEREEERR, ARARBNIUKNEIRESRNAR, ntlX, MNZIREREER
TIEARR IR ES
BlF:

AJBAE tHbutterworth iR 212 B = BRIRRIR.

FEEI:

B SRR E R NMEEARVER), EKE—ER!

STUFAETRR, BIEMFNANARLE, E40, HONUEERESINUIE!
ImshowBS G BHE[F 2T Ndoublezt B, FEE(L Huint8 T BEIEE L .

3.2 BERZZH: DCT

DCTEEAS:

N=1N-1

Flu.v) = e(u)e(v) Z Z f(i.j)cos [[21;\;1)“11] cos {ZJ;NI)R v]u

i=0 j=0

N,U=U
c(u) = “

I

‘N,dit

DCT/4:

1.The most important reason is much reduced sensitivity to boundaries of finite sequences (DFTZERSH
ZRINFEZENDR, R TEES 5 S Gibbs phenomenon; TDCTEZIF E &R K TN 2 ELE
19,)

2 Resulting Compaction (BJE%gE)

3 No complex numbers (FEE#, FERENSLER#ITEMR, SBREUZEMN Tt 2B REN)

4 Number of coefficients is equal to number of pixels (ZHRfF—MEEXIN—ME)

5 DCT coefficients occur at every half cycle so Nyquist can be stated as number of coefficients should not



exceed number of

sample points

3.2.1 DCTHFER

N ZHIEEGHITOCTER, MeEGHEGRER: RIMEMIRENED RIMEDCTIA LS, &
SHEEEPEL LA, SNEARERNNED RMEDCTNA TS, BT ARYSHED A8, KE
RIS MEEEARAILEEGAS, FILUPEGHITE NN R, BEA ERFMDCTRMENA LES, M
ATESNWEEREFR.

BgEN NdctEE, ESlMoERENA TR, MRS ELZ LS. FHSERIEREI TR,

158
DeT E R R EE R
_-10
{2
4B
4
B2
0

FSDEERNENESR, FNSHEEE, ESHMUEREANTRS, MMM

T P (i

0l
1000

T 75 5 ) 4




H3_E 3DE R RARET:

Meshgrid():

[X)Y] = meshgrid(x,y)

[XY,Z] = meshgrid(x,y,z)

BIiE2D3DMIRIEE, xFy2EVETEE, W x=xl:dx:x2, REIZ4 = 4rER,

Surface():

surface(X,Y,Z)

SIE—EE, x, yAEE, A AmeshgridEX, EEFRER—TWRHEE, tEMNMERRZAOR
N, ZHAREIBER,

AR, xHyZ[ER, length(X) = nand length(Y) = m, BBA[m,n] = size(Z), [NEIRE, EELERLE,

View():

view(az,el)

BREE—TZHENAE, azhkFHEEBE, EERNINNEEE, dhEHERQRE, FERNERELE
B 40 view(60,45)

10000

5000

BD
60

Surf():

surf(X,Y,Z)

5surfacetB@E, &M= HEEIAMME545)BNE

ERERARD, KNSERAN, BJURBlogRMMERENE, BETR

3.2. 240383
R—METHRIMIGIREEN. MFRIENEMMAITER. XMIERSENELS BERE 2 BNYIRE
N EERIEEGHNEHAZRBIEKSENEL, BEAERK, RKNTBERMEE.

VA
E{ DE(;\',}-’) —f(x.9 ] *} = min
Hp RAENENRREOER, fREMNRARG

RAAT
Fu,v) =
1 |H (w,v) 1°
[H(u,v) P”(u,v)]G(u’b)

|H(u.v) | +5 Pj(u,-u)
Eip, G(uv)EBCEFRESENIN,
H{uv)EBLEE
pn(u,v) = |N(u,v) 2 2 igrEnThEsE
Pf(u,v) = |F(u,v)|* 2Eremmamnsss;
s = T AR—EH, RRISHATEEL

HNRRFEERGEGNREN _MEITHEE, BIEMEXTEGHNIRENIERE, EEXERETE
BNAAER, XBRENRMRERAE, FH—AE AR N AN EEMEBHFENRITI
8, WTAR:



1 |H (u,) I
H(u.v) 1H(u,0) 12 +K

H, (u,v) =

X2—FPERERIE L, BREIRE N ARFENEINRIE N EHRAME, XFILEREAE.
MATLABS L4055 B A ROARTE |

~ Algeorithms
wiener2 estimates the local mean and variance around each pivel

put ¥ ainy, n;)

NM o
and
g% = a¥(ny, gl = B5,

NM oioe

whete if is the Neby-M local neighborhood of each pixel in the image A wiener3 then creates a pivehvise Wiener flter using these estimates,

o=y

Bim,ny) = e+ ainy, ns) = gl

where v ks tha noise varlance. If the noise varance is not given, wienes2 tses the avesage of all the local sstimaned varances

SEHLED:

sigma = d_im1_Y(100:end,100:end).*d_im1_Y(100:end, 180:end) ;%d_im1_YRE K im1#YHEMdct, dc
NoiseVariance = mean(mean(sigma));%&Et9E, HMEIRFEEE, FEZRNTRBERERK
beta = 4.0;%5RFBIRERNAL, HWSEERMFEZ, (BEF HHER

NoiseVariance = beta*NoiseVariance;

SignalVariance = d_im1_Y.*d_im1_Y + 0.001;%

WienerFilter = 1 + (NoiseVariance./SignalVariance);

WienerFilter = 1./WienerFilter;

FilteredImageDCT = d_im1_Y.*WienerFilter;

FilteredImage = idct2(FilteredImageDCT);

imo = uint8(FilteredImage);

imshow(imo) ;

YRR matlabBRI%K :

wiener2():

J = wiener2(l,[m n],noise)

S XFAM G EZNXIE AT MEE S neighborhood THELNIEN, noise XS IRFE K/\EYIE(E, noiselE
A, BEERHZ, BRREEM. REEEENER).

[J,noise] = wiener2(l,[m n])

REIRMGENES, MRREEGITEHIREERE.

J=deconvwnr (I,PSFNSR): #4NiEREIGER

PSF R ssi8RERER, RILARfspecial RERBIZE (ELANPSF = fspecial('motion’);), PSFSRIGEIGHITETR,
AISELEM (EH#) WER., BT EREHTFPSFUKATEEMMMEIRESINECMNERI, ZEEF ARG
IRFSROMESEIERE, MEITEIGS AEXEGZEN&/IMIFIRE., EEERENERT, LMRERETK
BAEREIRIRAR . NSREEIRINELL, NSREIMETE, HEEMEGRI—HFANRTHIEA, NSRAIEKIA
A0,

BEIRIEAZETERER, LN —IBEMFIRSNEIGEER, FEENSRIZN0, HILEFNSRA
0.005%&H

Simulate Blur and Moise Restoration of Blurred, Noisy Image Using NSR =0

3.2.3 DCT i AfLL1E7%

M REAEHEHERN, EAENEHRERER, LUFRESTEER, MER, HEEEAIRK
&, MEERERASE X e,

(A¥CE

im = imread('moon.tif");
imd = dct2(im);



dc = imd(1,1);
imd=imd*1.4;%F—PNLEHIRE, BANILEBAE
imd(1,1)=dc;%RFERDEAT
im2=idct2(imd);

%%%%%% %% %% %% %% %% %% 18, — 1 EE 151 2 £ x

a= min(min(im2))

b= max(max(im2))-255;

x = max(a,b)

figure

imshow(im);

figure
imshow(uint8(im2-x));

3.2.4DCTHF#7[E4E: JPEG

Bz 8
1. BRIEEG D7 8 * 8 BI/MR, 1 block BF 64 M&E.

2. BEEZHE 8 * 8 1 block #1T DCT &k, 8 * 8 MEIRLZT DCT TiR/E HIM D 24 EREL L
BEMOESThEA TA. ATZENSE888 TESRNEEERUNRE) MM 2B MAIBLEE
T XA A B S50 8 .

3. T REARINFEHEE. EXREMERRE—TMERNEARPNNNE. A TEARALANE
BNA ERNERK ZEMER T REFEMSE10HE MoENEN. SRSMAKN (ACRE), RER
SMES (DCRH) . BIMAN—RAFNEEGNLR. 0EER, MEEREIEERTFNEGRTER

BER. BENEMTSN, SMXKEENESSEGRREREANKE (LEWBMLRKE), BEH
SIEFEXE,

4 ERERHEE T BEGNEIETEH RGB 148 YUVIER, HP Y PERXRTREFR UV IERERTE
ZER. HEMEY DEFEE—L, HIATUXN Y RAHMAEML.X UV RAEEN fT#H—TIREE%HEL.
FRMEMR BEBMK —KEHY Y NiNEREEAR —IKEHN UV B EL R,

SETEBNZEA TAARBOEBIEENT 0.2 LANIETERE, XY(EM Z FEU BRI REFTHE
SUBHRA B — DA, 2% O AT AR ElR. HEIBARE—TEEARE BEENEENSHE N
LERIFE.

TEE: MERP—MIMREDct, SIMED ARG, BRALEEM, RROES, BEGRIRTEA,

quney ]
Mg phots tes pattems
Blodc

TextTex




JPEG Compression Algorithm

ausity
mape pheln el pattemns
blac

E{&E4EmiS: HuffmanZgig

s BEFSHIVIRATHEBRE, MESHNENZ, EEE), AUTYE
BEEX, AlHEBEK,
% ST MRS HIME, MWIEIKHZ, mESREL M
MERRT R,
mEE:
1. "A_DEAD_DAD_CEDED_A_BAD_BABE_A_BEADED_ABACA_BED"
2. c:21L 5. Al L
B 5 CB:8 CB15 AECB:26
E 7. o/ D:20. of -\
10 cz B6 - A1l ECB:1S
D:10 o/
A1 E:7 CB:8
o/
c:2 B:&
3. E:71L . 6. D:20 | .
oo - ECB:15 AECB26.  _DAECB:46
10 o/ of
510 E:7 CB:8 _D:20 hEL,sz
A1 o/ 0 \ \
c:2 B:6 0 D0 A1 ECB:15
ol
4. 00, 7. _:00 E:7 CB:8
D:10 _D:20 D: 01 of
A:11 ‘I:l..: Vo A:10 c:2 B:6
ECB:15. 10 D:10 E: 110
c: 1110
B: 1111

8. "10000111010010001100100111011001 1100100100011111001001111 101111110
00100011111101001110010010111110111010001111 11001

4. BB D E|

DEI MRS ERAHERTAE, H—ARISEREDycbar=EE, MYDE (FHIEDE) #HTRE.
EERREEGHEMECHITLE, TUNBESE (RGB, Cb, Cr¥E) HITRE.
4.1 BFSHAI8455R5)
DEEIHEEG ERERTBHRRNANES ., THERDENSE:
188, EERHMEERRE, %iﬁﬂti‘%ﬁﬁf’c%tk TRAREANMSFHBE D", BRETEN
PAER, BAEMEROENM, SHESK, HENRERTRRELSANERA.,
2WHEED, EERBMEXEX T, SHyE ﬂ:Tdy, dyEHARTEANEA, BATEBERGN

(za) dyB’]ﬁ/J\T)E%E,%E’JGESET ED5MoNBET.
(e '5—;25(?]9&7% dy = f'(x) dx

s8], MR SE

TENREFAZXM TR, I8



MRELAOM L RNE, RftibHRFE

y —HRED

.
.

f ¥

.
.

v

ZeMoR, FENFAYJLFR0, BEAHSdyRENERA
FRNBAER, FIREFRS BEFERLGSEBY, EMAfoat

REESHIRFIRA:

Effects of noise

= 5 . ¥212
+ Consider a single row or column of the image

— Plotting intensity as a function of position gives a signal

f(w)_.§__.l

O 200 400 600 800 1000 1200 1400 1600 1800 2000

AIFE: LAENERHFITERIRE, BRS2.X smooth filter kS, FAFTAYAIterbIRNL
M7ERR—1F, MTEMR:

Solution: smooth first

Sigma = 50

24

+  Where is the edge? AU PO S

f

Signal
:
s
i

1600 1800 2000

hxf

1600 1800 2000

. §
D (hxf) ;

o 1 I I I T ki
0 200 400 600 200 1000 1200 400 1800 1800 2000



Derivative theorem of convolution

J — .0
aelh* f) = (zzh) ~ f -
+ This saves us one operation: Sigma = 50
I f
% |
f : ; y

o ng #00 600 BOD 1000 1200 1400 1600 1800 2000

gjﬁ

y £ :
b T
0 20 40 60 B0 1000 1200 1400 1600 1800 2000
5 /\
() *f 8, LN

4.1.1 ET—MSEDEEN
Sobel&F (prewitt&EFEM) :

ZEFEEMA3NXINER, DANERRAG, B25EEGETESR, BAIFEERRMCNZE
EZ7E0E. IRMARKRRIBER, GxXRGyDFIRNREBQRHN@DDECNHNELR, EARMT:

-1 0 +1 -1 =2 -1
Gx=|-2 0 +2|*x4 Gy=|0 0 O |*4
L_—l 0 +1 +1 +2 +1

BENE— T ERERARNOBEIEMETAUTHNARES, FITEBENA/)N (BERRBEZR
shEEZAE (WBENSE) EXRR, EAREKR (HEBENE))

G = /G, +G,”

ERBEATIRERE, FRAAFLIELNE, SAXEMIMEBEE
Gl = 1G] + |Gy

ARANTAR T ERES M

G
© —arctan | =¥
arcran ( x)

ARG FH, MR ENBEOETE, EIRREGZMAEN@LE, EHRALE.

sobelEF[RIE:
FRLAES £'(x) = f(x + 1) - f(x - 1) ITLETE—ZE5.

FRUASRR [-1, 1] 250ERT (1,0, 1]
“HEERTHE

XA BEE Prewitt hEREMET T,



o fix, y) RESHEN, SHNERZS—L, FRESHHE TEXHEL

IX§iR2 Sobel DFHWET, wxHE, (B THHAURSEH, Fx &)
[EEEOTE

£ sobel {5 y FESVEF.

SRR x BER Gx, |y BER Gy, Fedl, F4E3 (0, 255)
Eig), BD G(x, y) = Gx + Gy $E2 sobel NEENSHIEIR Y

Roberts &+ :
Robert % SUHE HE 2 2 () MG 20 .

O

ENSFRIGEEN: wo MRIFM

£, wn IHEITIEAS

OB EGHIG2 MRIEATS-9, B\Em

i, MRREE

uintd
RobertsEF EMEER, ERREEDIIA, 3 TREIHDEHNRIESEGRIRRIT.
4.1.2 T " SERGBERN

LaplaceEF¥:
HWEREEFRAZMEDITENSG, T—MMoBPRRAESIRIVEL, IANREIDE,
EZMD BPRAENRIMEZ BT 0 &, #WIAREDE.

RE — B s
I.'I .:/_\\
/ \-‘\\_ 4 \\ /"n\.._ /™
=¥ P2 -1 N =
~/ T

Laplace B FLHRIE:
ENETETES:
—FES (%) = f(x) - f(x - 1)
TR 1(x) = (f(x + 1) - 1(x) - (F(x) - f(x - 1))
S f'(x)=1f(x-1)-21(x)) + fix + 1)
SERITESIES: (1,-2,1)

“HauiEiR T, EECE
fi(x, y) = -4 f(x, y) + f(x-1, y) + f(x+1, y) + f(x, y-1) + f(x, y+1)
RS R, SEREI

EFEA T AER

SN ENNE T, SEESIEEARTIEE,
4.2 Canny EF R [FHE



CannyIIEMEIERT IS R 548

LB R (REE) #TSHFEERE, KRS

2B ERENAME

3. JERAMEHH] (non-maximum suppression), {ER%LHM
4.3XEEMN (double thresholding)

5. MHEIIMAL R E =

BRSR:
1REES SHTRIRR

Gaussian Blur

2ITEHE, xHE, yAE

1G] = /&2 + 62
mERAN BRBENEE
ZG = arctan(Gy/Gy)
H BESENS @
15X B iR\ B B #3R] (https:/img-blog.csdnimg.cn/201905
19230038132.png?x-0ss-
process=image/watermark,type_ZmFuZ3poZW5naGVpdGk,shadow_10,text_aHROcHM6Ly92ibGInLmNzZG4ubmVOL3dlaXhpbl80OMjEyMTgOI

Gradient Magnitude

SRR AAEHDH
WEERTSHIDEHESRANEER, PantBERR, HaERTpHr, WREBqERBE, pHIrER.
X, DEERERA.



Non Maximum Suppression with

Interpolation

43R E B

HFREAGEENAS BN —LEDEER, NTRRXERBIN, FTABBEEDIELEEER, HRE
BASHEENNEGR, BIEESHEEERSIN, IRLEEZNBEESTSEIE, NWKERCSH
BINGEER; WRDSEROBEENTSEEHFBEXRTREE, WEEMCHBLEEER NRDEE
ZNMEENTREE, WG, SENERIRTAERABGHNRE.

[RIE:

if G,=HighThreshold
G, is an strong edge

else if G,=LowThreshold
G, is an weak edge

else

G, should be sup pressed

MR

Double Thresholding

5. IHIMSL R EE R AlIAS0ER

LERS R T — L8505 1E R, FIERALUS M ARRRENAMEENSIEH, BRAZLNNSG, HEUN
ZEBDEEFE. WETERBDEGRRESTPEGR, REEP—TABIEER, WS DERHM
IMREBANEZNDSG, SMEHER,



Edge Tracking

LEESEE

Edge():

[g,t]=edge(l, method’parameters)

gHZEEE, thEE, IRBMAEG, method@BEGMEF, parameters@IZEBEMNSEL, parametersd
BN ASIGEMNRESN. UWTHEEFDHRA:

BW = edge(l,Sobel’threshold,direction,options)

FiSobel&F, threshold NEME, BT ZHEEMNEREKRZL, direcionRmEFHILNTME, FTEE
horizontal, verticalflboth, OptionsZrIiEHIA, EXiA'thinning’, # nothinning A X EE#1TINR, IR[E]
—{EEIBW, B4, roberts’ prewitt EFE M, REIAR,

BW = edge(l,Canny’,threshold,sigma)

Threshold N ElfE, HEAMTTEME, MWHllow highl, O < low < high < 1; EXN—TEK, WE-T7
SNEHE, ERENH0SME. SemahBIERRIIES, REEN ogEBTLL, FHa.

4.4Hough %'
HoughZe1 2 EG AR P MBS IR LEARZRNEARFEZ —. HoughTMMEARREBETIRARS4
XM@Y, BREEGZENAENHEBTHEREAERAZHSHZTEN—T R, ZEMIERBE S

LATE ARV R RS (U R S B =B FRIEERE ., thEMENRAS A AN B ER Y E, teal
BH4. HE. B, 4%

IXEZJBl:
b
\P;‘:_ X2 ¥
=kyx+by T _x&b;:
_z
T A Lub=-x:k+w
S —— 7 Lib=-x3k+v
7 X k+y
>
s - 2 k
e ——ER )0 Y

BHy=kK'xtb— TR Nk bBITRN—FEL, SfEx, YRMANEL LEVRZ R, MWRkb#inR LR
ZEEL, REEERTE—RKb), MAEESR. xyFEE/LEKEL, SHTFAME/ L DIEES.
{Bkx+bRBERTRIET S ANEL, KPR AH:

r = rcosf+ ysind (2

b ATTREIRIRICR 5p, TEEOJLUBrBEEH ), IRcihSIE

[ /R
BEE—FEES—TILH(r, 0)BXE. BALH(r, ) FESHERARERE, 3

F RS,

HoughZT#ifs, — 1 mBREIEIhough=[E)45:



REITRE, BIFkhoughZ=EMIEER, BIFHEREITARPNEL. AP REINEESR.,

Hough transform

1lines Extract line segments based on Hough transform

houghpeaks dentify peaks in Hough transform

Hough():
[H,theta,rho] = hough(BW)
N {EEIEBWtihoughZitk, HAhoughZTIR/ERVMERE, MM ALATIIRIAYErhoRtheta,

Houghpeaks():

peaks = houghpeaks(H,numpeaks)

HABERIZERFRIFERE, numpeaksBH HIEERRTE, FIALIREpeaksE & AYITIES, Q209%E
bE, QRIEERTE.

Houghlines():
lines = houghlines(BW,theta,rho,peaks)
RN ”EEPRINEZ, thetaflrhohoughBREREIRIE, peaksHhoughpeaksFFUREIRIE,

EE R EETRELERB:
figure, imshow(image), hold on

max_len = 0;

for k = 1:length(lines)
xy = [lines(k).point1; lines(k).point2];
plot(xy(:,1),xy(:,2), 'LineWidth',2, 'Color"', 'green');

% Plot beginnings and ends of lines
plot(xy(1,1),xy(1,2), 'x", 'LineWidth',2, 'Color', 'yellow');
plot(xy(2,1),xy(2,2), " 'x", 'LineWidth',2, 'Color', 'red');

% Determine the endpoints of the longest line segment
len = norm(lines(k).point1 - lines(k).point2);
if ( len > max_len)
max_len = len;
xy_long = xy;
end
end
% highlight the longest line segment
plot(xy_long(:,1),xy_long(:,2), 'LineWidth',2, 'Color', 'red');



